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Abstract 
Introduction: Many researches have studied the short and long term effects of whole body vibration on muscle strength and proprioception. 
The effect of this modality in athletes and healthy population have been studied by several researchers; however, to accept it as a therapeutic 
procedure, it needs more studies.  In knee osteoarthritis, muscle weakness and joint instability can affect proprioception. Since some researchers 
reported the effect of whole body vibration on kinematic and neuromuscular control and some others have rejected this effect, the purpose of 
this study is to investigate the short term effect of whole body vibration on proprioception of the knee joint in patients with knee osteoarthritis 
and healthy individuals. Materials and Methods: In this experimental study, two groups of the same size (21 in healthy and patient groups) 
went through whole body vibration ( 60 Hz frequency, low amplitude and 25 Hz frequency , high amplitude) and the knee joint properioception 
accuracy was assessed (by joint angle replication test) and was compared with the no-vibration baseline results. Results The joint angle 
reconstruction error was different between two groups and also before and after whole body vibration. Whole body vibration with 25Hz 
frequency and high Amplitude was ineffective in improvement of knee properioception in osteoarthritis patients (P=0.09). But the vibration 
with 60 Hz and low amplitude was effective significantly in properiception improvement and decrease of joint angle reconstruction error in 
healthy (P=0.01) and patients groups. (P=0.02). Discussion: This study shows that the whole body vibration with proper frequency and 
amplitude (60 Hz and low amplitude) can have immediate effect on the knee joint properioception in patients with knee osteoarthritis and 
healthy people. 
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Introduction 
Although doing proprioception exercises is considered to be the 
most popular way to improve the joint proprioception, many 
people are not able to take this type of exercise due to the poor 
condition of their posture (1). It is worth mentioning that many 
researchers are intended to accelerate the rehabilitation 
programs which is an underlying trend specifically for athletes 
(1). In Physiotherapy, it is the basic fact that every single 
technique which not only can shorten the treatment but it also 
can increase the effectiveness of the patients attracts a lot of 
attention. Whole body vibration as a mechanical movement is 
introduced to be a suitable exercise for the neuromuscular 
system in which a person stands on the vibration machine and 
performs various types of exercises including lunging with or 
without an extra load, while the vibration with the frequency of 
15-69 Hz, and the amplitude of 1-14 mm is transferred from the 
vibration plate to the body (2).  
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There have been several studies conducted to examine the 
short-term and long-term effect of the whole body vibration on 
the joints' strength, body balance, physiologic factors, hormones 
level and anabolism as well as the density of the bones (3-6). The 
results of these studies have demonstrated that the whole body 
vibration can improve the balance and proprioception, and can 
have influence on anabolic and hormone level, walking cycle, 
blood circulation and bone density by affecting the 
neuromuscular system. The results of these studies are derived 
from the stimulatory effect of the whole body vibration on the 
skin receivers, muscular dukes, joint Mechanoreceptors and 
changes in the brain (6-15). On the other hand, there is a group 
of researchers who do not approve the positive effects of the 
whole body vibration especially on the proprioception (16).  
Body tissues experience the fluctuation of approximately 30 
HZ due to their natural vibrating frequency. Following the tissue 
absorption, a decrease in the domain of this fluctuation is 
witnessed. In case that tissues natural frequency and the 
frequency of the vibration get closer, the domain of the vibration 
will increase because of the phenomenon called resonance. In 
normal conditions this domain is reduced to the minimum 
because of the attenuation of the body tissues. Different body 
structures including, bone, Cartilage, Synovial fluid, Soft tissues, 
Joint kinematics and muscular activities contribute to tuning 
and transferring vibration waves to the body (17). Body adopts 
the strategy of adjusting its muscular activities in order to 
minimize the tissues vibration, as a matter of fact the level of 
muscular activity depends on the interaction between the body 
and vibration power (18). 
According to the findings of several studies, different injuries 
can affect the proprioception and weak proprioception itself can 
be the main reason for the constant injuries occurring after the 
joint and tendon recovery. Moreover, some studies have 
illustrated that the pain can have effect on the proprioception, in 
other words, the increase in the pain message decreases or changes 
the proprioception afferents due to the metabolic changes and 
aggregation of inflammatory substances such as; Bradykinin, 
Arachidonic acid, Atrophy as well as the fat filtration in muscles, 
this affects the local proprioception an also central mechanism of 
posture control so that it leads to imbalance of body. There is also 
evidence of the fact that due to the pain and muscle inflammation, 
inhibition of Osteoarthritis gamma motor neuron discharge is 
caused, in this condition the information transferred through 
dukes are not accurate and it will bring about the change in the 
proprioception sensitivity (18).  
On the other hand, knee joint is a common place for 
Osteoarthritis to occur (16). Osteoarthritis usually occurs as a 
result of no clear reason; however, abnormal mechanism of the 
joint is the main reason for secondary Osteoarthritis which is a 
Physiological response to different forces imposed on the joint. 
Considering the fact that knee joint proprioception is made of 
the total messages of afferents from joints receivers, tendons, 
Joint capsule, Ligaments, meniscus connections and skin, also 
joint as muscles receivers are the major sources of knee joint 
proprioception, Paresis and Hypermobility  among the patients 
suffering from knee Osteoarthritis result in proprioception 
disorders and Weakness (17). 
Hurley et al. have shown that degenerative changes in knee 
joint structure (OA) might be results of sensory information 
changes in joint mechanical receivers (19). It may lead to weaken 
activation ability in quadriceps muscle at this stage. In fact there 
is a wide range of reasons regarding the mentioned result, the 
main ones to be named are; inflation, pain, lack of strength in 
the joint and building injuries. Although the importance of 
every single reason has not been clearly determined yet, it is 
unanimously agreed that it is caused because of the effect of 
discharge of the injured knee sensory receivers (20-22).  
By taking the available literature into account it can be seen 
that some researcher have rushed to employ the whole body 
vibration while accompanying different types of exercises and to 
conclude that it can be positively effective. Although there are 
some sources in favor of this method and its positive effect on 
old patients with various knee joint problems, other resources 
exist which don not enjoy statistical importance (18).  
Some researchers called the effect of the vibration on Kinematic 
and knee neuromuscular control among healthy subjects into 
question in 2012. They came to this conclusion that it is really 
important to examine the effects of the changes in the whole body 
vibration variables on neuromuscular system prior to the 
implementation of the whole body vibration therapy for different 
types of diereses (20). Additionally, in 2013, it was reported that the 
whole body vibration had no statistically significant effect on the 
proprioception and neuromuscular function of the knee (23). In 
contrast, in 2014, the effects of the times when the vibration was 
employed during a session, as well as its frequency a vibration 
domain on the Knee proprioception among healthy people were 
closely examined and reported to be positively effective. By 
following the results of this study, more fundamental and practical 
examination of the issue was emphasized (24).  
In the study conducted by Sandudo the effect of the vibration 
on the improvement of knee Kinematic and neuromuscular 
control was tested on 40 healthy subjects and no statistically 
significant effect on intensity of the movement potential change 
in Rectus femoris and Hamstring muscles was witnessed; 
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however they could reach valuable information on the 
correction of momentum control (16). Hanah carried out a 
study in which the effect of the whole body vibration on Knee 
proprioception and knee neuromuscular function on 14 healthy 
subjects who underwent two different interventions was 
surveyed (23). It was concluded in the end that the employment 
of the whole body vibration had no significant effect on the Knee 
proprioception and knee neuromuscular function.  
On the contrary, Hwai-ting studied the immediate effects of 
different sets of frequencies of the whole body vibration on the 
sample comprising 18 healthy subjects in 2014. In this study the 
knee sense status as the indicator of the proprioception ability 
was examined, every frequency was studied in several sets (sets 
of four, six, eight and ten). Based on the results obtained, there 
was a noticeable improvement in the proprioception accuracy 
regarding the frequency of 35 Hz in all sets and the frequency of 
20 Hz only in set of ten (24).  There was better result regarding 
the accuracy of the whole body vibration in proprioception in 
joint sense status with lower frequency and low amplitude.  In 
another study by Trans et al., the effect of the vibration on the 
Knee proprioception and the muscular strength among the 
women suffering from knee Arthritis. To have the proprioception 
evaluated, the individual's ability to recognize the passive 
movement of the lower limb. According to this study the body 
vibration could improve the proprioception and the muscular 
strength in comparison with the subjects in the control group who 
did not receive any treatment. As it was reported in 2013 that the 
whole body vibration had no significant effect on the knee 
proprioception and knee neuromuscular function (18, 25). 
According to the studies conducted by Yeung et al. to study 
the effect of the vibration on stretch reflex (26) and by Zhang to 
survey the vibration effect on the body balance and the general 
health conditions among old people, in the former, no positive 
effect was reported, but in the latter the statistically significant 
results were obtained (26). Regarding a growing increase in the 
implementation of the whole body vibration in Physiotherapy 
clinics and at gyms and the prevalence of the knee injuries 
specially in the community of young people as well as the active 
community and the existence of the contradictory research 
results about the positive effect of the whole body vibration, the 
current study was carried out to examine the short- term effects 
of exposure to the whole body vibration based on the intended 
programs for the Knee proprioception accuracy among healthy 
subjects as well as the subjects with knee Osteoarthritis during 
one session of treatment (24). As positional error angle is 
considered to be one of the popular method to evaluate the 
proprioception, the proprioception was evaluated using this 
method after the whole body vibration exposure (1).  
Positional Error angle of proprioception includes the status 
sense and movement sense which plays a functional role in 
controlling the purposeful movements. Performing accurate and 
controlled movements constitutes an important part of the 
physical activities which require accurate sensory information of 
proprioception. When there is proprioception weakness 
repetition of the movement angle in a joint will not be error free. 
This error can be considered as an absolute or a relative error, by 
and absolute or a relative error it is meant that the error be 
examined without consideration of the movement direction (25).  
A: absolute error: is defined as the measurement difference 
between the created angle and the target angle regardless of 
direction.  
B: relative error: is defined as the measurement difference 
between the created angle and the target angle regarding the 
direction, in other words, if a person passes the target angle the 
angle measurement will be positive; otherwise, it will be 
negative. 
Materials and Methods 
The current study was a crossover trial and randomized control 
trial one. A group of heathy, non-athletes men in the age range 
from 40 t0 60 and a group of patients suffering from Osteoarthritis 
in the same age range comprised the sample of the study who were 
simply selected. After having authorization issued by the ethics 
committee with license number of 184338-9211675009, the study 
was initiated by selecting the sample. The subjects were 
completely briefed on the procedures and the instructions, then 
they were required to sign the written consent to be involved in 
the study.  The subjects were required to stand on the Fitvib Excel 
Version 01.2008 made by Gemena company in England and to 
perform lunging during a session, they had to place one foot on 
the machine and another one on the ground, then the vibration 
with the frequency of 25 Hz and high amplitude was exposed for 
3o minutes and after an interval the vibration was imposed again 
this time with the frequency of 60 Hz and lower amplitude for 30 
minutes. Every single movement was repeated for 3 times and its 
mean was recorded as the repeatable level.  
There were several inclusion criteria upon which the subjects 
were selected to be a part of the control group including; being 
right-handed and healthy, being physically active, ranging in age 
from 40 to 60, being of 160 to 190 cm height, not having any 
resistance training program during and two months before the 
study and not having any record of injuries in their lower limb. 
Volunteer subjects diagnosed with Osteoarthritis (1 and 2 degree) 
by the specialist were selected as the subjects in the treatment  
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Figure 1. Fitvib Excel Version 01/2008 
group. The subjects in this group did have no experience of 
diabetes, Epilepsy, systematic diseases or Rheumatologic diseases 
and history of any injuries in their lower limb. 
On the other hand, there were some exclusion criteria 
including; lack of ability to tolerate the vibration, feeling pain 
with three VAS degree or lack of willingness to continue the 
study.  
To start the treatment, the Calibration of the device was checked 
by the representative of the provider company (Figure 1).  
After having the height, weight and BMI of the subjects 
measured, the position of the tests was randomly determined. 
Before and after three position stated below, reconstruction 
Error of target angle in the dominant knee was measured for 
three times.  
Tests positions 
1. The common program of the whole body vibration device 
was performed by pulling the strips of the device while it was off. 
In this study a subject was required to stand on the vibration 
device and to perform lunging movement with one foot placed 
on the plate and the other on the ground.  
2. Then the subjects performed the same movement while the 
device had the frequency of 25 Hz and high vibration domain.  
3. Finally, the subjects repeated the same movement while the 
frequency increase to 60 Hz and the vibration domain was low.  
The test positions were examined at interval of 30 minutes in 
order to prevent the fatigue and its effect on the results. To have 
the sense status of the knee joint determined, Electrogoniometer 
was employed. It was placed on the external part of the tight and 
leg parallel to the line which links the great trochanter of the 
thigh joint and the external Epithelial condyle of the thigh center 
and lower external ankle.  To have the knee joint ability to 
rehabilitate examined, the comparison of functional movement 
status in the evaluation of the sense status of knee joint was made 
by reconstruction of the 30-degree target angle of the knee joint 
in standing and extension and 30-degree flexion positions. Every 
single variable was measured three times in order to decrease the 
error risk and its mean was measured to consider as the variable 
amount. After the subjects took all the positions three turns and 
each three times, they were asked to reconstruct the target angle 
while the error was measured with goniometers. 
Results  
To have the data collected analyzed, several statistical 
procedures were used through the use of SPSS software version 
18. Kolmogorov–Smirnov test was employed to examine the 
normal distribution of the data. Additionally, descriptive 
statistics of data were used to determine the mean and median 
of the data. Finally, to examine the effect the inter-group variable 
of the health status and the intra-group variable of vibration 
status on the dependent variable Anova test was used. Finally, 
Tukey test was applied to compare the data two by two.  
The demographic information of 42 subjects of the study; 21 
healthy individuals and 21 patients suffering from Osteoarthritis 
all male, are demonstrated in the table 1. 
Mean absolute error related to the patients before and after 
the first and second interventions were 2.9±1.4 and 2.9 ±2.2 and 
2.2±1.7 respectively. Degree and relative error were measured to 
be 1/6±2/8 and 1.4±2.4. Regarding the healthy subjects, mean 
absolute error before and after the first and second interventions 
were respectively 1.7±1.2 and 1.3±1.2 and 1.6±1.3; besides, 
degree and relative error were 0.4±2.2 and -0±1.1. Considering 
the total number of the subjects mean absolute error before and 
after the first and the second interventions were 2.3±1.4 and 
2.1±1.9 and 1.9±1.5, degree and relative error were respectively 
measured to be 0.8±2.6 and 1.2±2 and 0.7±2.4.  
The comparison of the Independent samples test results 
between two groups of healthy subjects and patients before 
(P=0.009) and after the intervention with the frequency of 25 Hz 
and high amplitude showed that there was statistically 
significant difference (P=0.008); however, regarding the second 
intervention with the frequency of 60 Hz and low amplitude, 
there was no statistically significant difference. It should also be 
mentioned that the statistical difference was considered to be 
meaningful when the subjects distributed in two groups were 
compared at the stage when no vibration was applied. To be 
more specific, on the one hand, mean analysis of the subjects in  
Short-term whole body vibration training                                                                                                                                                                                   123 
 
Journal of Clinical Physiotherapy Research. 2017;2(3): 119-125 
Copyright © 2016 Shahid Beheshti University of Medical Sciences. All rights reserved. Downloaded from: http://journals.sbmu.ac.ir/physiotherapy/ 
 
 
Table 1. Demographic information of the subjects 
Status  Number  Age  Height  Weight  BMI 
  Mean±SD Mean±SD Mean±SD Mean±SD 
Patient  21 56.9±2.8 173.7±5.1 81.0±6.5 2.84±1.83 
Healthy 21 51.8±3.8 177.5±7.1 78.8±7.9 2.97±1.88 
Total 42 54.3±4.2 175.6±6.44 79.9±7.2 2.90±2.06 
 
two groups of study illustrated that smaller absolute error (1.38-
1.23) was measured among the healthy subjects during the 
vibration with the frequency of 25 Hz compared with those 
suffering from Osteoarthritis which was statistically important. 
On the other hand, considering the relative error, there was 
statistically significant difference between two groups during no 
vibration (P=0.03), during the vibration with the frequency of 25 
Hz (P=0.01) and during the vibration with the frequency of 60 
Hz (P=0.04). Regarding the results relating to the relative error 
in two groups statistical difference of the interaction between the 
health condition and vibration was not significant (P=0.568 and 
P=0.911). The vibration frequency rate between two groups 
witnessed statistically significant difference (P=0.003), their 
interaction was not significant, though. 
Discussion 
The current study was conducted on 21 healthy subjects and 21 
subjects with Osteoarthritis in order to examine the possible 
effects of the whole body vibration on the knee proprioception. 
The effects were examined by performing a specific program in 
which vibration with the frequency of 25 Hz and high amplitude 
and vibration with the frequency of 60 Hz and low amplitude 
were imposed on the subjects during a session, then Knee 
proprioception accuracy was studied by determining the 
positional target angle error amount.  
According to the results of several studies, the whole body 
vibration can improve the proprioception by affecting 
neuromuscular system (6-15). The researchers of these studies 
believe this effect is derived from stimulation effect of the whole 
body vibration on the skin receivers, muscular dukes, joint 
Mechanoreceptors and brain changes (6-15). There are also 
some studies on the other hand that do not support the effect of 
the whole body vibration on the proprioception improvement; 
consequently, the current study was conducted to examine these 
contradictions closely (20).  
A published study at 2012 pointed out effects of whole body 
vibration on Kinematic and Neuromuscular control as a question 
(27). In accordance with another published study at 2013, the 
authors reported that whole body vibration had no statistically 
significant effect on knee proprioception and its neuromuscular 
function. Hurley et al. proved that degenerative changes in knee 
joint structure, such as Osteoarthritis, might be results of changes 
in sensory information of mechanical receivers of the joint (28). 
The results of present study are in favour of these findings. 
Moreover, some studies have illustrated that the pain can have 
effect on the proprioception, in other words, the increase in the 
pain message decreases or changes the proprioception afferents 
due to the metabolic changes and aggregation of inflammatory 
substances such as; Bradykinin, Arachidonic acid, Atrophy as well 
as the fat filtration in muscles, this affects the local proprioception 
an also central mechanism of posture control so that it leads to 
imbalance of body. There is also evidence of the fact that due to 
the pain and muscle inflammation, inhibition of Osteoarthritis 
gamma motor neuron discharge is caused, in this condition the 
information transferred through dukes are not accurate and it will 
bring about the change in the proprioception sensitivity (29).  
Regarding the examination of the absolute error in two 
groups of this study, during no vibration stage, as well as the first 
intervention (vibration with frequency of 25 Hz) there was 
statistically significant difference between two groups. However, 
after having the second intervention (vibration with frequency 
of 60 Hz) imposed, no statistically significant difference was 
witnessed which could explain a very fact that among the 
subjects of both groups proprioception could improve due to the 
exposure of the vibration with the frequency of 60 Hz. 
According to the data collected, regarding the relative error, 
in all three positions; without vibration, vibration with the 
frequency of 25 Hz and vibration with the frequency of 60 Hz, 
there was statistically significant difference between two groups. 
This demonstrates that relative error decreases after the 
exposure of vibration with the frequency of 60 Hz which can lead 
us to conclude that using this frequency improve proprioception 
in both groups of healthy subjects and patients.  
During the stage when no vibration was imposed, the amount 
of the error was greater among the patients. The same result held 
true after the first and the second interventions, but the amount 
of the error became greater after using the vibration with the 
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frequency of 25 Hz, and it decreases considerably after imposing 
the vibration with the frequency of 60 Hz. It is basically assumed 
that a healthy individual has stringer proprioception in 
comparison with a person suffering Osteoarthritis, this 
necessitates the treatment to be used for the patient. Based on the 
findings of the present study, although vibration could make 
statistically significant difference between two groups, the 
interaction between health condition and vibration was not 
significant which indicates that the difference observed was due to 
the vibration. Target reconstruction relative error in both 
experimental and control groups before and after the whole body 
vibration was generally different, but it did not enjoy the same 
pattern because the effect of the vibration with the frequency of 25 
Hz with high amplitude on the proprioception improvement by 
measuring the target angle reconstruction error among healthy 
subjects was negative, but the error among the subjects suffering 
from Osteoarthritis was not statistically significant. These findings 
contradict the findings of the study done by Hwai-Tin to some 
extent. In that study immediate effects of the whole body vibration 
on proprioception increased noticeably after using vibration with 
the frequency of 35 Hz (24). This contradiction can be explained 
by taking this fact into account that, body tissues fluctuate as they 
receive vibration wave due to their intrinsic vibrating frequency to 
the point that the domain of the fluctuation decreases because of 
tissue absorption. In case that tissues natural frequency and the 
frequency of the vibration get closer, the domain of the vibration 
will increase because of the phenomenon called resonance. In 
normal conditions this domain is reduced to the minimum 
because of the attenuation of the body tissues. Different body 
structures including, bone, Cartilage, Synovial fluid, Soft tissues, 
Joint kinematics and muscular activities contribute to tuning and 
transferring vibration waves to the body (23). Body adopts the 
strategy of adjusting its muscular activities in order to minimize 
the tissues vibration, as a matter of fact the level of muscular 
activity depends on the interaction between the body and 
vibration power. 
The effect of vibration on error development in afferent was 
also studied and according to the findings it seems that vibration 
affects the muscular dukes and brings about an increase in the 
function of these receivers, central nervous system deals with 
this change by  increasing the length of the muscle (30, 31). In 
case of having no access to any other data, this error can only be 
explained by accepting that the joint is located at an unreal angle. 
This can be well illustrated by the following example. Vibration 
causes a person to make an error in elbow flexion. If he/she is 
asked to keep both his/her elbows at the same angle, then Biceps 
on one side gets vibrated, this person will make error in that arm 
and will assume that the arm is exposed to further extension; 
consequently, he/she will keep the arm which do not experience 
vibration in more extension. This error can lead to imagination 
of impossible anatomic positions. If a person takes benefit of 
his/her other information resources like; sight, hearing, he/she 
will be able to correct the error (32). Vibration also affects the 
movement direction (Vibration tonic reflex) so the effect of it is 
not simple and direct (32, 33). 
Conclusion 
Taking the findings of this study into account, it can be 
concluded that the whole body vibration can have immediate 
effect on the improvement of Knee proprioception among both 
healthy individuals and those who suffer from knee 
Osteoarthritis if in this method suitable frequency with proper 
amplitude are adopted. It should be also mentioned that despite 
the studies conducted to examine the long-term and short-term 
effect of the whole body vibration, different variables might be 
affective when it comes to interpreting the results of this study 
among which the status and the intensity of muscular 
contraction at the beginning of the vibration can be referred to. 
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